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An antioxidant principle was isolated from Azadirachta indica seed using high pressure liquid
chromatography with a hydrophobic reverse-phase chromatography column. The eluted mole-
cule had Amax at 224 and 272 nm and was a potent inhibitor of plant lipoxygenases. In in vivo
studies of horsegram during germination, low levels of lipoxygenase activity and lipid peroxides
were found upon treatment with the Azadirachta extract. The antioxidant property of Azadir-
achta indica has not been previously reported.
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Abbreviations: AA, arachidonic acid; ASAE, Azadirachta seed aqueous extract; ASE,
Azadirachta seed extract; HPETE, hydroperoxy eicosatetraenoic acid; HPLC, high pressure
liquid chromatography; LA, linoleic acid; LOX, lipoxygenase; LT, leukotriene; PUFAsS,
polyunsaturated fatty acids; LPO, lipid peroxides; Rt, retention time; NSAIDs, nonsteroidal
antiinflammatory drugs.

INTRODUCTION

Azadirachta indica A. Juss (neem) is indigenous to the Indian subcontinent
and its various parts are reputed as therapeutic agents.!> Until today, the
major part of research on neem is exclusively concerned with the use in agri-
culture, especially on insect control. In the medicinal use of traditional pre-
parations, extracts from A. indica display a wide spectrum of uses. The
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empirical basics for the therapeutical use of the species have been laid down
in classical texts of Ayurveda.>* the ancient writing on skin diseases, inflam-
mations and fevers.

Lipoxygenases (LOX: linoleate oxygen: oxido reductase; E.C.1.13.11.12)
are nonheme-iron-containing dioxygenases that catalyze the hydroperoxida-
tion of polyunsaturated fatty acids (PUFAs) containing a 1,4-pentadiene
structure into conjugated hydroperoxy fatty acids. LOX activity has been
found in a wide range of organisms, including plants, animals, fungi and
cyanobacteria.’ 7 The physiological role of LOX in plant is poorly under-
stood, but it has been suggested that LOX is involved in plant growth and
development. Furthermore., LOX may also play a role in senescence,
wounding. infection, pest resistance,” ® and in the formation of off-flavour/
aroma in edible oils and vegetable foods.’

In animals, LOXs play several physiological roles; in particular, the prod-
uct hydroperoxides are precursors of leukotrienes and lipoxins.'®!'" During
the past decade it has become clear that higher levels of these compounds
cause inflammatory or allergic diseases either acting alone or in combina-
tion.'*'? Extensive research has been carried out to find effective inhibitors
of LOX, but at present there are no practicable inhibitors for the treatment
of inflammatory diseases except nonsteroidal antiinflammatory drugs
{(NSAIDs). Many of these drugs exhibit potent and specific inhibition of
5-LOX, but they are frequently attended by a variety of adverse effects
either due to direct interference with other biological processes (e.g. methe-
moglobin formation in canine blood) or possibly as a result of by-production
of reactive radical species by 5-LOX inhibition (for details, see review by
Hutchinson e al..'*) for example, the induction of colitis by the effectiveness
of 5-LOX inhibitors.'>'® Currently antioxidants are widely used as LOX
inhibitors, but they inhibit also the autooxidation of polyunsaturated fatty
acids (PUFAS)”‘IX and only a limited number of safe antioxidants exist for
human consumption. Therefore. a search for inhibitors from natural prod-
ucts having either oxygen scavenging or free radical trapping capabilities is
required. In our laboratory, after finding inhibitory activity in Azadirachta
indica extract for various legume and potato LOXs, we have been interested
in isolating the active principle from Azadirachta to study its effect in limit-
ing LOX activity and further peroxidation in plants.

MATERIALS AND METHODS

Arachidonic acid (AA) and linoleic acid (LA) were obtained from Sigma
Chemical Co.. St. Lows. MO. USA. The A-adirachta seeds were collected
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locally and other seeds similar to ours were obtained from A.P. State Seed
Corporation, Tirupati.

The legume seeds, sterilized with mercuric chloride, were washed, imbibed
in water for 5h and spread on petriplates for germination with a filter paper
support. The horsegram seeds were allowed to grow in ASAE media (10%
of 10ml of ASAE provided per day) for treatment and deionized water was
used for the control, and germinated under daylight for 12h at 25 +2°C.

Enzyme Preparation

After 48h a 10% homogenate of each germinating seedlings and potato
tuber was prepared in 100 mM phosphate buffer containing 2mM sodium
metabisulphate, 2mM ascorbic acid and 1 mM ethylene diamine tetraacetic
acid (pH 6.4) with a Potter Elvejham homogenizer and was filtered through
four layers of cheese cloth. The filtrate was centrifuged at 10,000 x g for
about 0.5h. The supernatant was fractionated with ammonium sulphate to
bring the concentration 30—60%. The active pellet obtained by centrifuga-
tion at 13,000 x g was redissolved in 20 mM phosphate buffer, pH 6.4, and
dialysed overnight against 150 vols of the same buffer with four changes.
This partially purified fraction was used for the lipoxygenase assay. All the
above steps were performed at 4°C. The protein content of the LOX was
determined by the method of Lowry ez al.'®

Preparation of Substrate Solution

AA and LA stock solutions were prepared by the method of Reddanna
et al.*® The final concentration of AA and LA was 40 and 80 mM respec-
tively, per millilitre absolute ethanol and aliquots stored under nitrogen gas
at —20°C until used.

Enzyme Assays
Oxygen Consumption Method

The LOX activity in each species of seedlings was determined by the method
of Reddanna e al.*® using Gilson Oxygraph OXY-5 model. The typical
assay contained air-saturated 150 mM phosphate buffer (1.9ml) and the
enzyme (10—100 pl) The reaction was initiated by the addition of substrate.
The substrate concentration in the reaction mixture was 250 uM for LA or
133 uM for AA. After completion of the assay, a unit of LOX activity was
expressed as pmoles of oxygen consumed per minute at 30°C.
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Spectrophotometric Method

LOX activity was also measured by monitoring the absorbance at A 234nm
due to the formation of hydroperoxy-conjugated diene in the presence of
substrate and enzyme. The rate of the reaction was calculated by using a
molar extinction coefficient of 27,500 for hydroperoxide. One unit of
enzyme activity was defined as 1 pmol of hydroperoxide formed per minute
at 30°C.

Preparation of Azadirachta Seed Extract

The 10% homogenate of Azadirachta seed kernel was prepared in distilled
water or in pure methanol and stored at 4°C. After 24h incubation the
homogenate was centrifuged at 6,000 x g for 20min at 4°C. The super-
natant. 10miday '. was used for inhibitory studies.

Isolation of the Active Principle of Azadirachta Seed Kernel on HPLC

Isolation of the active principle of Azadirachta seed kernel was carried out
using Shimadzu HPLC ODS reverse-phase hydrophobic column. The
HPLC column was equilibrated with acetonitrile : water (1:1 v/v) and the
seed methanolic extract was injected into the HPLC. Isocratic elution was
performed with the same solvent (CH;CN: H-0) at a flow rate of 0.5ml/
min. Each peak with absorbance at 215 nm eluted from the column was col-
lected and examined for its inhibitory action on LOX and its UV absorption
spectrum using a Shimadzu UV spectrophotometer.

Inhibition Studies

The in vitro effect of Azadirachia seed aqueous extract (ASAE) and HPLC
fractions on LOX activity was measured after preincubation of an aliquot
(300 ul) with the enzyme mixture for 2 min followed by substrate addition.
Control experiments were carried out with addition of assay buffer in place
of inhibitor.

Preparation and Isolation of Arachidonic Acid Products

To initiate the reaction. 135 uM of AA was added to the mixture containing
100mg of partially purified LOX protein from germinating seedlings in
assay buffer, in the presence and absence of ASAE. The mixture was mixed
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vigorously and incubated for 2 min at 30°C. The reaction was terminated by
acidifying the reaction mixture with 6 N hydrochloric acid. The products
were extracted twice with hexane:diethylether (1:1 v/v). The organic
extracts were pooled, dried over anhydrous sodium sulphate and evaporated
to dryness by passing inert nitrogen gas. The UV absorption spectra (450
180 nm) for these extracts were obtained.

Lipid Peroxidation

Lipid peroxide levels of control and ASAE-treated seedlings of horsegram
were determined by the method of Heath and Packer.?! One gram of seed-
lings was homogenized in 5ml of 20% trichloroacetic acid (TCA) and cen-
trifuged at 10,000 x g for Smin. To 1 ml of the supernatant was added 4 ml
of 0.5% thiobarbituric acid in 20% TCA (TBA-TCA) and the mixture was
boiled at 95°C for 30 min, then quickly cooled in ice bath, and centrifuged at
10,000 x g for 15 min. The absorbance of the supernatant was measured at
532nm and the value for the nonspecific absorbance at 600 nm was sub-
tracted. The concentration of MDA was calculated using its extinction coef-
ficient of 155mm™'cm™! and the amount of LPO was expressed in pmoles
of MDA per gram wet weight tissue.

RESULTS AND DISCUSSION

A comparison of the lipoxygenase (in vitro) activity of various seedlings
untreated and treated with Azadirachta seed extract (Tables 1 and II)
showed that the lipoxygenase activity of almost all seedlings including

TABLE 1 Lipoxygenase activities in control and ASAE-treated samples of various germinat-
ing seedlings

Source LOX activity (units/mg)*
Control ASAE-treated % Inhibition

Greengram 0.5+£0.01** 0.1 £0.02%** 80
Blackgram 3.440.1 0.94+0.07*** 72
Cowpea 2.31+0.1 0.90 £0.07*¥* 61
Horsegram 0.65+0.03 0.12+£0.03%** 82
Field beans 1.840.2 0.41 £0.02%** 71
Pigeonpea 0.5+£0.05 0.06 £0.01 1*** 88
Soybeans 1.1+£0.1 0.17 £0.02%** 85
Potato 0.62+0.04 0.08 £ 0.02%** 87

*Units of activity of LOX are expressed in pmoles of O, consumed/min/mg protein.
** Values are mean + SD of three replications.
**% P <0.001 vs control.
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TABLE Il Inhibition of partially purified horsegram lipoxygenase
activity by fractions isolated from Acadirachta

Fraction Activity * % Inhibition
Control LOX , 4381+ 191" —
CH:CN:H-O(l:1lv v+ 31264 125%** 29
Fraction 1 (Rt =2.244) 3054 £ 218%* 30
Fraction 2 (Rt = 2.590) 1017 4+ 125 *** 77
Fraction 3 (Rt =3.018) 3199 £ 125 *** 27
Fraction 4 (Rt = 7.645) 2690 £ 251 *** 39

*LOX activity is expressed in umoles of HPETEs formed per minute at 30°C.
P <001 ¥**P < 0.001 vs control.
'Values are mean = SD of three replications.

300 pl of each fraction used for inhibition of enzyme.
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FIGURE 1B

FIGURE 1 (A) Reverse-phase HPLC chromatogram of Azadirachta seed kernel methanolic
extract. (B) HPLC elution pattern of active fraction 2. (Isocratic run was performed using
CH;CN:H,0 (1:1 v/v) at A 215nm at a flow rate of 0.5 ml/min.)

potato tuber was more than 80% inhibited by preincubation with ASAE.
Among the HPLC fractions of ASE, only fraction 2 (Peak 2, Figure 1A and B)
showed significant, more than 75% inhibition of the LOX activity; the other
fractions showing inhibition similar to that of acetonitrile (Table II). Frac-
tion 2 had absorption maxima at A 224 and 272 nm (Figure 2).

Despite the fact that LOX from various sources differ in their mechanism
of attack on unsaturated fatty acids, optimal reaction conditions and
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FIGURE 2 Spectroscopic scan of HPLC fraction 2. diluted (1:50) with CH;CN:H,0O
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FIGURE 3 Typical oxygraphic assays of horsegram LOX (A) control (~ASAE) and
(B) treated (reaction mixture was preincubated with ASAE).

product species, polarographic and spectrophotometric methods are com-
monly used to study LOX activity.>> Accordingly we also used the oxygraph
method to monitor the oxygenation activity in the sample with and without
the inhibitor. Inhibition was again observed in the oxygen uptake rate with
the inhibitor versus a control (Figure 3A and B). The inhibition of oxygen
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uptake during the LOX reaction was dependent on the amount of ASAE
added.

In spectroscopy, the products of the greengram LOX reaction showed
two absorption maxima, one at A 234nm (HPETEs/HETEs) and the other
at A 276 nm (LTs), whereas the two peaks disappeared after ASAE treat-
ment and the substrate absorption maxima appeared at A 214 nm (Figure 4).
Similarly soybean LOX, control and ASAE-treated, gave products with
three peaks at A 210, 235 and 280 nm and only one peak at A 214 nm, respec-
tively (Figure 4). From these results it is evident that the plant LOXs are
unable to metabolize the substrates in the presence of ASAE. The results of
LOX pre-incubation studies and oxygen consumption (Figure 3A and B)
demonstrated that the Azadirachta seed extract (ASE) may block the func-
tion of LOX at both initial and subsequent stages.

Though a higher enzyme activity is found in blackgram, cowpea, field
beans and soybeans (Table I), the horsegram has not been studied in detail.
Therefore, we selected the horsegram and studied the levels of its lipid per-
oxides (LPO) and LOX and their inhibition during its seed germination.

Free radicals are produced continuously in cells as accidental by-products
of metabolism or deliberately during some enzymatic reactions. Metal
ions like iron can induce lipid peroxidation via a non radical mediated

Greengram Soy bean
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FIGURE 4 UV absorption spectra of greengram and soybean LOX products. The contin-
uous line (—) indicates control (—ASAE), and discontinuous line (&), treated (+ ASAE).
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mechanism. The molar ratio of ferric ferrous state also plays a significant
role in initiation and propagation of lipid peroxidation.”® The LOXs are
nonheme iron containing enzymes which play a significant role in metabo-
lizing the membrane PUFAs to LPO through a free radical mediated reac-
tion.”** The LPO and LOX levels (in vivo) during germination of horsegram
seedlings are given in Tables Il and IV for both control and ASAE-treated.
In the control, the LPO increased gradually as germination progressed until
day 3 and thereafter remained more or less constant, whereas, in ASAE-
treated seedlings, reduced lipid peroxidation and growth retardation (data
not showed) were found. The LOX activity was elevated on day 3 in the
control and in ASAE treatment and declined gradually thereafter. The
growth retardation of seedlings in the presence of ASAE suggests that
lipid peroxidation and its propagation by lipoxygenases are required for cell

TABLE Il Lipid peroxide levels* in control (untreated) and ASAE-
treated horsegram seedlings

Day of germination Control ASAE-treated’
1 7.0£0.1%* 6.0 £0.2%**
2 8.0+£0.4 70401 *+*
3 11.0£0.3 10 4 0. ***
4 10.0£0.1 9.0£0.2%*x
S 8.040.2 8.0+04

6 8.0+0.4 7.0 £0.] ¥xk*
7 8.0+0.1 6.24£0.4%**

* Lipid peroxides are expressed in pmoles of MDA formed per gram wet tissue.

** Values are mean = SD of three replications.

*EEP <001 #*** P 0.02 vs control.

"Horsegram was grown in 4zadirachta media (10 ml of 10% Azadirachia seed kernel
aqueous extract was provided per day).

TABLE IV Specific activity of LOX in control (untreated) and ASAE-
treated horsegram seedlings

Day of germination LOX activiry (units;mg)*

Control ASAE-treated’
1 3.240.2% 24 £0.2%*
2 5.8+0.2 3.7 +0.4%**
3 7.34+0.2 5.8£0.4%**
4 6.5+04 4.6£0.4%**
S 32401 1.7 £0.2%%**
6 244005 0.9+ 0.03 #***
7 30£04 1.2 £0.1 ***

* Units of activity of LOX are expressed in pmoles of O» consumed min‘mg protein.
** Values are mean = SD of three replications.

FEXP 0014 P 0,001 vs control.

"Horsegram was grown in dzadirachia media (10ml of 10%, Azadirachia seed kernel
aqueous extract was provided per day).
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elongation and development,®’ and their prevention may cause damage to
cell growth. It is believed that, during germination, oxygenases play an
active role in PUFA oxidation, and the free radicals generated further pro-
pagate oxidation of PUFA which are then converted into sugars via gluco-
neogenesis to provide further metabolic energy in the cell.>> Apparently
these active LPO and LOX processes occurring in horsegram seedlings are
inhibited by Azadirachta seed extract (Tables I1I and 1V).

In summary, our studies on LOX and LPO in seedlings treated with
Azadirachta seed extract showed that ASE acts as an inhibitor for both of
them. The objective of the present study was to investigate the antioxidant
property of neem since it possesses antiinflammatory and antiarthritic prop-
erties. The HPLC studies on ASE revealed that Azaridachta seed possesses
an antioxidant to LOX and LPO. How this antioxidant can inhibit LOX
and LPO and what it is will be studied and published elsewhere.
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